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Abstract: Non-Hodgkin lymphomas (NHLs) are one of the most frequent malignancies in
adolescents and young adults (AYA). Among NHLs, Burkitt’s lymphoma (BL) represents
approximately 40% while diffuse large B-cell lymphoma (DLBCL) accounts for nearly 20%
of cases. Primary mediastinal B-cell lymphoma is a variant of DLBCL, which preferentially
concerns young patients. Biology of B-NHLs is well known and several pathways involving
chromosomal translocations, gene rearrangements, and molecular profiling are the subject
of continuous investigations. AYA with B-NHL have inferior survival when compared with
children. The reasons for this unfavorable outcome are multifactorial, but disease-related
biological characteristics of the tumor represent a powerful factor influencing survival. The choice
of optimal strategy in the management of B-NHL in patients of 15-29 years old remains contro-
versial and depends on the treating institution and its physicians. Although children and younger
adolescents benefit from pediatric approaches using intensive treatment, older adolescents are
often treated with adult rituximab-based chemotherapy. In this review, we focus on the current
knowledge relevant to AYA with DLBCL and primary mediastinal B-cell lymphoma.
Keywords: DLBCL, PMBCL, AYA, prognosis, treatment

Introduction

Adolescence, considered as the age between 15 and 20 years, and young adulthood
from 20 to 30 years have become the focus of basic and clinical investigation in cancer
in recent years. In developed countries, non-Hodgkin lymphoma (NHL) is the second
most frequent malignancy and represents approximately 10%—12% of all cancers
diagnosed among adolescents and young adults (AYA). NHLs in AYA are mostly of
B phenotype. In contrast to younger patients in whom Burkitt’s lymphoma (BL) and
lymphoblastic lymphoma (LBL) are the commonest variants, the major histological
subtype among adolescents consists in diffuse large B-cell lymphoma (DLBCL).
Among DLBCL, primary mediastinal B-cell lymphoma (PMBCL) is recognized as
a distinct entity and readily occurs in AYA, and represents 6% of patients.' Other
histological subtypes among adolescents were reported from French and German
cooperative groups with the following frequencies: BL 22%—27%, anaplastic large
cell lymphoma (ALCL) 18%-20%, and LBL 15%—17% (Figure 1).**

The risk of developing NHL progressively increases with age. However, the inci-
dence also varies by sex and racial subgroup. The Surveillance, Epidemiology and
End Results registry from 1975 to 2000 reported an age-adjusted rate of NHL between
1.8 and 3.2/100,000 among 16- to 30-year-old patients, while this rate substantially
increased in patients aged above 31 years (5.2-38/100,000). Usually, males develop
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Figure | Incidence of NHL subtypes according to age.

Abbreviations: ALCL, anaplastic large cell lymphoma; BL, Burkitt’s lymphoma;
DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; LBL, lymphoblastic
lymphoma; NHL, non-Hodgkin lymphomas.

NHL more frequently than females, even if the overall
increase rate of NHL over the last 15 years has been seen
principally in the female population.®’

Although causes of NHL in AYA are still unknown,
several risk factors have been suggested to play a role in the
development of NHL. Immunodeficiency syndromes, HIV
infection, immunosuppressive therapies, Epstein—Barr virus
and Helicobacter pylori infection, organ transplantation, and
chemical exposure are usually cited in the literature.’

Inferior survival has been demonstrated in AYA in com-
parison with children with a 5-year overall survival (OS) of
75% and 85%, respectively.'*® In the same way, the results
of the Lymphome Malin B 89 (LMB 89) study have dem-
onstrated a significant increased risk of relapse in patients
of 15 years of age or older.® Many factors may contribute
to these age-related differences. Review of clinical trials
and outcomes has shown that US pediatric patients less
than 15 years old are mainly treated on National Cancer
Institute sponsored trials, while older population is rather
treated at the discretion of the treating institution.'” Thus,
children compared with adolescents tend to have better OS
at the end of treatment. AYA are positioned between children
and adult population. These findings raise the question of
the choice of treatment in the AYA population: what is the
best choice between pediatric or adult’s protocols in the
treatment of mature B-cell lymphomas? A similar problem
in the management of AYA is raised in acute lymphoblastic
leukemia. Some retrospective studies have been published
in this setting and showed a better outcome for AYA treated
with pediatric protocols.'""* However, regarding NHL, cur-
rently there is no data suggesting a benefit from pediatric
approaches or from adult rituximab-based chemotherapy.
The optimal strategy in the management of DLBCL and
PMBCL in patients of 15-29 years old is controversial and

has probably to be directed by the identification of prognostic
factors including biology, genetic, and clinical features. In
this systematic review, we focus on the current knowledge
relevant to AYA with DLBCL and PMBCL.

Biological features

DLBCL is a heterogeneous group of rapidly growing tumors
characterized by a diffuse infiltrate of medium to large cells
that alters the lymph-node architecture. Based on the World
Health Organization (WHO) NHL classification, morphologic
variants have been described and centroblastic variant is the
most common. However, immunophenotyping is absolutely
necessary to distinguish different subtypes, as well as other
type of NHL especially BL. DLBCL expresses pan-B-cell
markers CD19, CD20, CD22, and CD79a. The proliferation
index Ki-67 is usually >90% in BL, but it is not uncommon
for DLBCL to show very high proliferation rate.'

Unlike BL that carries typical translocation of the
c-myc oncogene t(8;14) (or t[8;22][q24;ql1] or t[2;8]
[p12;q24]), there are no defining cytogenetic abnormalities
for DLBCL. However, 5%—-10% of DLBCL can express
c-myc rearrangements. Another confounding factor is that
both DLBCL and BL can express CD10 and Bcl-6 associ-
ated with germinal center derivation, and lack expression
of terminal deoxynucleotidyl transferase which is expressed
by LBL cells.!> Another category has been identified as
Burkitt-like lymphoma or atypical BL, or B-cell lymphoma
unclassifiable with features intermediate between DLBCL
and BL. This subgroup has morphological and genetic fea-
tures of both DLBCL and BL but should not be included
in these categories. These NHL are relatively rare and are
clinically and biologically distinct from both conventional
DLBCL and BL. They frequently have a germinal center
phenotype (CD20+, Bcl6+, and CD10+), myc rearrange-
ments, and a high proliferation rate as described in BL.
However, they show some differences with BL such as Bcl2
protein expression.'®!

Based on gene expression profiling (GEP), two major
subgroups of DLBCL have been identified in adults: germinal
center B-cell-like (GC) DLBCL and activated B-cell-like
(ABC) DLBCL."®?! This molecular signature predicts an
independent outcome of the international prognostic index
(IPI) score. The GC signature confers a favorable outcome
with a 5-year OS of 76%, while patients with non GC-DLBCL
have a 5-year OS of 34%. A routine immunohistochemistry
test can be used to differentiate the GCB and the ABC phe-
notype by correlating expression of CD10 and bcl-6 which
are the markers of germinal center, and expression of the
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post germinal center marker MUM1. Expression of MUM 1
is often associated with the ABC phenotype.?

The GCB phenotype is more frequent in pediatric
population and probably influences the favorable outcome
in children. Thus, as well as in adult population, expression
of GC signature tends to a favorable outcome. However,
approximately 20% of children are diagnosed with the ABC
subtype and do not show a worse outcome.?® Furthermore,
the GCB subtype frequently presents with chromosomal
translocations juxtaposing the IRF4 oncogene next to one of
the immunoglobulin (Ig) loci in children and AYAs. Although
IRF4 translocation seems to confer a better outcome, such
advantage appears moderate in an age-adjusted analysis.*

When comparing GEP of BL with GEP of DLBCL, results
showed that ABC genes expression is mostly involved in the
anti-apoptotic NF-xB signal transduction pathway with the
expression of target genes as Bcl-2 and cycline D2 conferring
a bad prognosis. In the same way, c-myc and its target genes
are preferentially highly expressed in BL.**?¢ Thus, using
GEP, up to 31% of pediatric DLBCL cases could be reclas-
sified as molecularly BL (mBL).?” GEP was also performed
in adults’ samples and only 3% of cases were reclassified as
mBL. Combining the data for mBL in adults and children,
no significant differences in immunophenotype, gene expres-
sion, genetic aberration, or survival were found between
pediatric and adult population. Recent studies also suggest
that rearrangement of c-myc occurring in up to 5%—10%
of patients with DLBCL confers a very poor prognosis par-
ticularly when it is associated with rearrangement of bcl-2, a
condition referred as double-hit DLBCL.? This abnormality
has become a powerful prognostic factor of negative outcome
in patients treated with R-CHOP (rituximab, cyclophosph-
amide (CPM), doxorubicin (DXR), vincristine (VCR), and
prednisone) with a 5-year OS not exceeding 30%.%*?° Similar
outcome is described in children and adolescent with double-
hit lymphomas.?’

Summarizing, pediatric DLBCL is characterized by
moderate to high proliferation rates, increased c-myc
expression, decreased bcl-2 expression, and predominant
GC subtype when compared with adults DLBCL. A high
molecular homogeneity among adults and pediatric GC-
DLBCL cases has been reported, but no molecular marker to
distinguish pediatric from adult DLBCL could be identified.*
Furthermore, a cutoff value for biological features to dis-
criminate adult and pediatric DLBCL has been evaluated.
Markers included ABC subtype, translocation affecting bcl6
locus, bcl-2 protein expression, Ig/IRF4 translocations, and
additional chromosome aberrations. The highest increase in

genetic variation was observed in patients between 25 and
40 years of age. When statistically adjusted for age, genetic
complexity, and specific genetic markers, no relevant prog-
nostic impact could be identified. Thus, no clear biological
cutoff could be determinate, except ABC subtype that
remains a pejorative prognostic factor in advanced age.’!

Primary mediastinal B-cell lymphoma is a distinct entity
recognized by the WHO NHL classification.'” PMBCL is a
rare disease issued from mature thymic B-cells characterized
by a diffuse proliferation of large cells and sclerosis.
Lymphoma cells are more pleomorphic and may look like
Reed-Sternberg cells. In contrast to classical Hodgkin lym-
phoma (cHL), PMBCL cells express CD19, CD20, CD79a,
and CD23. CD30 typically expressed in cHL is frequently
detected. Most patients with PMBCL presented with muta-
tion of bcl-6 usually along with somatic mutations in the
immunoglobulin heavy-chain gene, suggesting late-stage ger-
minal center differentiation. Unlike other DLBCL, PMBCL
involves defective immunoglobulin production despite the
expression of the B-cell transcription factors OCT-2, BOB.1,
and PU.1.32 Gains of chromosome 9p (including JAK2, PDLI1,
and PDL2) are present in up to 75% of patients, and gains of
2p (including REL and bcl-11a) in up to 50%. Gains of the
same region are also highly recurrent in cHL. Other similari-
ties between PMBCL and cHL have been highlighted using
molecular profiling and especially the NF-«xB pathway activa-
tion, suggesting that there is a close biological relationship
between these two diseases.*?!

Otherwise, a new biological entity designed as media-
stinal gray zone lymphoma (MGZL) has been recognized
by the WHO classification. MGZL shares transitional
features between PMBCL and cHL. While morphology is
compatible with the diagnosis of PMBCL, the immunophe-
notype shows features of cHL such as positivity for CD15
or EBER. A recent retrospective biological study of the
Berlin-Frankfurt-Munster (BFM) group reported the rarity
of MGZL in children and adolescents and showed a worse
prognosis when compared with PMBCL.*

Clinical features

Clinical presentation

DLBCL and BL share clinical and biological features in
children and adolescents aged from 15 to 19 years. DLBCL
and BL usually arise in Waldeyer’s ring and abdomen with
often compressive masses, whereas peripheral lymph nodes
are less commonly involved, more likely in DLBCL than in
BL. Data issued from the BFM experience are underlying
principal clinical differences.!”> DLBCL is mostly localized
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disease with approximately half patients with St Jude stage
I/I1 (Table 1). Central nervous system (CNS) and bone mar-
row (BM) are rarely involved in DLBCL patients. Ascites is
more likely diagnosed in patients with BL. Elevated serum
lactate dehydrogenase (LDH) levels are also more frequent
in BL patients.

PMBCL characteristically presents with a large mediasti-
nal tumor involving adjacent mediastinal structures and often
accompanied by superior vena cava syndrome and obstruc-
tion of the upper airways. PMBCL patients are predominantly
female and often present with associated pleural and/or peri-
cardial effusion. Lung involvement occurs in approximately
30% of patients. Abdominal structures are rarely involved.
The most frequent extra thoracic manifestations are kidney
tumors. B symptoms and elevated LDH levels are frequent,
and present in more than a third of patients. CNS is never
quite positive.3*

Diagnosis and staging
The diagnosis of NHL needs to be confirmed by lymph-node
biopsy. But, in some cases, cytological examination and flow
cytometry of malignant effusion and/or BM smears may be
a valuable alternative for diagnosis, especially in case of
anesthetic risk due to a large mediastinal mass. However, in
PMBCL the BM is almost invariably negative and effusions
frequently do not contain malignant cells.

The standard morphology, flow cytometry, and immuno-
histochemical evaluation of the tumor are sufficient in the
majority of cases in order to assess diagnosis. Confirmation

Table | St Jude’s (Murphy) staging system

Stage Description

| A single tumor (extranodal) or a single anatomic area
(nodal) with the exclusion of the mediastinum or abdomen

Il A single extranodal tumor with regional node involvement
Two single extranodal tumors on the same side of the
diaphragm with or without regional node involvement
Primary gastrointestinal tumor with or without involvement
of associated mesenteric nodes only

IIR Completely resected intra-abdominal disease

n Two single extranodal tumors on opposite sides of the
diaphragm
All primary intrathoracic tumors (mediastinal, pleural, thymic)
All paraspinal or epidural tumors regardless of other tumor site
All extensive primary intra-abdominal disease
Two or more nodal areas on opposite sides of the diaphragm

A Localized/unresectable intra-abdominal disease
B Widespread multi-organ abdominal disease
v Any of the above with initial CNS and or bone marrow

involvement (>25% involvement is defined as acute
lymphoblastic leukemia)

Abbreviation: CNS, central nervous system.

by a central reference laboratory should be done whenever
possible. Cytogenetic and molecular characterizations of the
tumor are highly recommended especially to differentiate BL
from DLBCL with the characterization of t(8—14) or expres-
sion of c-myc. These tests are commonly performed in clinical
trials, and they are highly suitable in practical routine.

Standard biological evaluation requires differential blood
count, coagulation, chemistry including LDH levels, BM,
and virus serologies including HIV, Epstein—Barr virus, and
hepatitis. The cerebrospinal fluid evaluation is invariably
indicated in patients treated with pediatric approaches, while
recommendations concern mainly high-risk patients and/
or patients with neurological clinical symptoms in adult
population.

Standard imaging studies including ultrasound, radio-
graphy of the chest, computed tomography (CT) scan, and
magnetic resonance imaging are widely used to determine
disease extent in children and adolescents. In order to limit
the radiation exposure, CT scan is not routinely used. To date,
the F-fluorodeoxyglucose-positron emission tomography
(FDG-PET/CT) is probably the most critical examination
used in DLBCL adult patients and is highly recommended
both at baseline and at the end of treatment.* It is not part of
routine staging in pediatric and adolescent patients except in
clinical trials. FDG-PET/CT may represent a helpful tool in
evaluating residual masses especially in PMBCL and may
provide additional role in initial staging.*® Further studies are
needed in this population.

Staging is usually based on St Jude classification also called
Murphy stage in pediatric population, whereas Ann-Arbor
classification is widely used for adults (Tables 1 and 2).37®

Table 2 Ann-Arbor staging

Stage Description

| Involvement of a single lymph-node region (l) or of a single
extralymphatic organ or site (IE)

I Involvement of two or more lymph-node regions on the
same side of the diaphragm or localized involvement of an
extralymphatic organ or site of one or more lymph node
regions on the same side of the diaphragm (lIE)

1] Involvement of lymph-node regions on both sides of the
diaphragm, which may also be accompanied by localized
involvement of extralymphatic organs or site (lllE) or by
involvement of the spleen (llIS) or both (IIISE)

v Diffuse or disseminated involvement of one or more
extralymphatic organs or tissues with or without associated
lymph-node enlargement

B Unexplained weight loss of more than 10% of the body
weight in the 6 months prior
Unexplained fever with temperature >38°
Night sweats
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Prognostic factors

Several clinical and biological factors have been tested as
prognostic markers in B-NHL (Table 3). The purpose was
to elaborate a prognostic index able to predict response to
treatment and survival. Based on the previous LMB 89
study, the French-American-British/LMB (FAB/LMB) has
defined three risk groups receiving progressive intensive
treatment according to tumor resection status and BM or
CNS involvement.® The BFM group has also provided
a stratification integrating LDH levels.*** Furthermore,
clinical adverse factors leading to a significant inferior sur-
vival have been published. These include advanced stage,
age >15 years, elevated LDH, primary mediastinal involve-
ment, and combined BM/CNS disease.* In adults and since
the 1990s, the age-adjusted International Prognostic Index
(aa-IP]) represents the most powerful prognostic index. The
aa-IPI is evaluated at diagnosis and is based on performance
status, LDH value, and extent of disease according to the
Ann-Arbor classification. The resulting score identifies four
prognostic groups with significant differences in complete
response rate to chemotherapy and OS.*! The aa-IPI has not
been validated in pediatric population and is usually not

Table 3 Risk factors classification

Berlin-Frankfurt-
Munster (BFM)*

French-American-
British (FAB)®

Age-adjusted
international
prognostic

index (IPI1)*'

Risk factors

Stage Ann-Arbor -1V
LDH > N

PS =2

Low risk

IPI =0

Group A RI
Resected stage | and Stage | or |l
abdominal completely  completely resected

resected stage |l

Group B R2 Lowl/intermediate
All patients not in Stage | or Il not risk
Group AorC resected IPI =I
Stage Il with LDH
<500 IU/L
R3 High/intermediate
Stage Il with LDH risk
=500 to <1,000 IU/L  IPI=2
Stage IV with LDH
<1,000 IU/L and
CNS negative
Group C R4 High risk
Bone marrow disease  Stage lll or IV with IPI =3

(=25% L3 blasts) and
or CNS positive

LDH =1,000 IU/L
and/or CNS positive

Abbreviations: CNS, central nervous system; LDH, lactate dehydrogenase; PS,
performance status.

used in children. One of the most important prognostic fac-
tors is the patient’s response to therapy. A failure to initial
chemotherapy significantly affects survival in children and
adolescents especially those with advanced stages.® Although
these prognostic indexes are still routinely used for therapeu-
tic decisions, they are probably less effective because of all
new biological and radiological technologies, and changes
may be necessary.

Treatment and prognosis
Diffuse large B-cell lymphoma

Pediatric approach

Adolescents and children’s DLBCL and BL are usually
treated with similar chemotherapy approach without any
distinction. The treatment is based on the concept of high-
dose intensity chemotherapy regimen and consists of two to
eight chemotherapy courses including intrathecal treatment.
The most widely used drugs are high-dose methotrexate
(HDMTX), high-dose cytarabine (Ara-C), and CPM, com-
bined with corticosteroids, VCR, etoposide (ETO), and DXR.
Intrathecal chemotherapy (ITC) is preferentially reserved for
intermediate and high-risk patients.

Results of large pediatric cooperative trials over the last
three decades have reported an increase in event-free survival
(EFS) in pediatric patients, ranging from 80% to 99%. Due
to these results, trials were then established with tailored
chemotherapy according to patient’s risk factors (Table 3).
The aims of these trials were to decrease long-term toxicities
in favorable prognosis patients, and to intensify treatment in
poor-risk patients. The two major contributive studies have
been provided by the FAB/LMB and the BFM groups. Other
groups have adapted or refined these strategies into their own
protocols. Patients were allocated to risk groups according
to stratification criteria, and treatment intensity was adapted
according to the risk of relapse. Results of the studies are
summarized in Table 4.

The FAB/LMB 96 was a large international cooperative
study that investigated the impact of reducing intensity of
treatment in this young population. Three risk groups have
been defined (Table 3). Patients with low-risk B-NHL group
A (10% of patients) have an excellent survival with a 98.3%
4-year EFS when treated with two courses of COPAD (CPM,
VCR, DXR, prednisone) without ITC.*

Patients with intermediate risk B-NHL group B (70%
of patients) received first a prephase with COP (low-dose
CPM, VCR, and prednisone), and were evaluated at day 7.
Early-responding patients received the first induction course
COPADMI1 (CPM 1.5 g/m?, oncovin, prednisone, DXR,
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Table 4 DLBCL selected studies including AYA patients

Reference No of patients Disease Age Treatment Outcome Comments
Gerrard et al* (p) 23 patients Mature B-cell Median 10.3 FAB/LMB 96 4-year EFS 98.3%  Median FU: 50.5 months
aged =15 years lymphoma (range 1.8-20) Risk Group A 4-year OS 99.2%
(total n=140) (DLBCL: 43%)
Patte et al® (p) 102 patients Mature B-cell Median 10.2 FAB/LMB 96 4-year EFS 92.2%  Median FU: 54 months
aged 15-21 years lymphoma (range 2.5-20.5) Risk Group B 4-year OS 94.6%
(total n=637)
Cairo et al* (p) 27 patients Mature B-cell FAB/LMB 96 4-year EFS 79%
aged |5-19 years lymphoma/ALL Risk Group C  4-year OS 82%
(total n=235)
Atra et al* (p) 112 Mature B-cell Median 8.3 UKCCSG9002  EFS 83.7% Median FU: 48 months
lymphoma (range 4-19) (=LMB84) OS 87% Murphy stage Il or IV
Pillon et al* (p) 45 patients Mature B-cell AIEOP LNH92  EFS 81.8% Median FU: 6.23 years
aged 10-15 years lymphoma OS 89.4% Children <15 years were
(total n=144) (DLBCL: 39) eligible
Burkhardt et al® (p) 55 patients Mature B-cell NHL-BFM 5-year EFS 79% Median FU: 4.4 years
aged |5-18 years lymphoma 5-year OS 86% Female outcome is worse
(total n=378) (DLBCL: 55) with 5-year EFS 71%
Pfreundschuh et al®” (a) 413 patients DLBCL Median 47 MinT trial 6-year EFS 74% Phase Il results presented
(range 36-55) Patients with 6-year OS 90% for R-CHOP arm
aa-IPl 0-1

Notes: (p): pediatric oncology study group; (a): adult’s oncology study group.
Abbreviations: ALL, acute lymphoblastic leukemia; AYA, adolescents and young adults; DLBCL, diffuse large B-cell lymphoma; EFS, event-free survival; FAB/LMB, French-
American-British/Lymphomes Malins B; FU, follow-up; OS, overall survival; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; UKCCS, United

Kingdom Children’s Cancer Study Group.

and HDMTX 3 g/m?), and the second induction course
(COPADM?2) was delivered after hematological recovery.
Then, they received two consolidation courses with HDMTX
and high-dose Ara-C, and the treatment was concluded
with one maintenance course M1 (CPM, VCR, DXR, and
prednisone). In this trial and in order to evaluate the pos-
sibility of reducing the intensity of the treatment, there was
a randomization after the first COPADM leading to four
treatments arms: two receiving half-dose CPM in the second
induction course (COPADM2) and two not receiving the
maintenance course. ITC was administered throughout each
cycle. The 4-year EFS was 93.4% and 90.9% in the groups
with full-dose and half-dose of CPM (P=0.40) and 91.9% and
92.5% in the groups with and without maintenance with no
statistical difference. There was no interaction between the
two treatment reductions or histologic subtypes (DLBCL/
BL). Thus, the intermediate-risk B-NHL patients who have
an early response and achieve a complete remission after the
first consolidation course can be cured with reduced treat-
ment. In this analysis, the population was mainly represented
by children with a median age at 10 years, and only 16% of
patients were older than 15 years.** Patients of the high-risk
B-NHL group C (20% of patients) were featuring with CNS
involvement and/or greater than 25% BM involvement. They
received a reduction prephase with COP, two induction courses
with COPADM (HDMTX 8 g/m?). Responding patients were
randomized to receive two standard consolidation courses

with CYVE (high-dose Ara-C, ETO) or two reduced cycles of
CYVE. ITC was delivered with high frequency especially in
patients with CNS involvement. Treatment concluded in each
arm with four alternating maintenance courses (M1-M4).
Despite the poor prognosis of this group, the treatment pro-
vided 79% 4-year EFS. Similar to the intermediate group B,
most of the patients in this series were children with only
27 (11%) of them older than 15 years.*

The United Kingdom Children Cancer Study Group evalu-
ated a therapeutic approach identical to the French LMB 84
protocol in 112 children with stage IIT or IV B-NHL with up
to 70% FAB L3-type blasts (n=42) in the BM without CNS
involvement. The median age was 8.3 years. According to the
extent of the primary disease, patients were substaged into
three groups: IIIA with unresectable abdominal tumor (n=39);
IIIB with abdominal multi-organ involvement (n=57), and
IIIX with extra-abdominal primary lymphoma often present-
ing as pleural effusion (n=16). With a median follow-up of
48 months, OS and EFS were 87% and 83.7%, respectively.
No significant difference in EFS according to the substage
at diagnosis could be assessed, making it difficult to identify
a group that should not receive intensive therapy. This study
confirms the overall good prognosis in children with advanced
B-NHL treated with this intensive regimen.®

On the other hand, the BFM group tested concurrently
short, intensive treatment regimens for B-NHL. Patients
were stratified into four risk groups R1, R2, R3, and R4
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comprising approximately 10%, 45%, 15%, and 30% of
patients, respectively (Table 3). Chemotherapy consisted
in 5-day cycle of CPM and prednisone (prephase) followed
by 2-6 cycles of 5-day high-dose intensive chemotherapy.
The number of cycles was depending on the patient’s risk
group. Patients were assigned to receive two, four, five, or
six courses, based upon dexamethasone, MTX, Ifosfamide,
Ara-C, DXR, ETO, and ITC. When compared with the
FAB/LMB 96 trial, the major difference was represented
by introduction of Ifosfamide and reduction of doses of
DXR, CPM, and ETO. Using these regimens, the BFM
group recently reported the results of clinical parameters
and outcome in 378 adolescent treated in pediatric NHL-
BFM trials (NHL-BFM 86, NHL-BFM 90, and NHL-BFM
95) stratified according to histological subtype. The 5-year
EFS was significantly inferior for adolescents (85%) when
compared with children less than 15 years (96%). Results
also showed that female sex was associated with a worse
prognosis with EFS of 97% in pediatric boys and 93% in
pediatric girls, but 97% in adolescent boys and 71% in
adolescent girls.’

Other national groups have obtained comparable
results using similar strategies. The Italian Association of
Pediatric Hematology and Oncology reported a prospec-
tive clinical trial including 144 patients aged less than
15 years of whom 39 had DLBCL. The number of courses
was stratified according the disease extent, LDH levels,
and the tumor mass. The 10-year OS and EFS rates for the
overall population were 89.4% and 81.8%, respectively.
The EFS rates for patients in risk groups R1, R2, and R3
were 100%, 86.9%, and 75.1%, respectively. Long-term
follow-up confirms the observation of a favorable outcome
for patients with B-NHL treated with short and intensive
chemotherapy regimens.*®

All these reports mostly concerned children with a median
age ranging between 7 and 10 years with almost no patient
older than 15 years.’**¢ How and why age >15 years could
represent an independent adverse prognostic factor remains
unknown. High LDH levels, advanced stage, mediastinal
disease, and CNS and/or BM involvement at diagnosis also
confer an inferior outcome with an increased risk of treatment
failure.** High-dose Ara-C and HDMTX clearly improve the
outcome of patients with advanced stage and CNS-positive
patients. Recent report suggests that not only the dose of
MTX, but also the MTX infusion time of 24 hours versus
4 hours positively impact patient’s survival.*” Moreover, ITC
remains important for CNS prophylaxis in young patients
with B-NHL.

Adult-like approach

In the era of new agents, rituximab, a chimeric monoclonal
antibody targeting CD20, has dramatically improved adults
DLBCL survival when combined to the standard CHOP
with a 3-years OS approximately 60%, in elderly and 79%
in younger patients versus 30% and 60% respectively with
CHOP alone.”®* Introduction of rituximab in BL patients
has demonstrated very encouraging results providing a
5-year PFS and OS of 71% and 80%, respectively, and has
also shown a high cure rate even in elderly patients with
a 5-year OS of 62%.% The use of rituximab in pediatric
protocols has also been investigated. The ANHLO1P1 pilot
study demonstrated that addition of rituximab to FAB/
LMB 96 protocols is safe and provides a 3-year EFS of
95% and 90% in patients with intermediate risk and high
risk, respectively.’!5

The German BFM group conducted a phase I window
study to examine activity and tolerability of rituximab in
newly diagnosed pediatric patients with B-NHL. A single
dose of rituximab (375 mg/m?) was administered 1 week
before the initiation of frontline BFM chemotherapy. Despite
the short observation period of 1 week, 42% of evaluable
patients showed a significant response.>* Thus, ongoing tri-
als are currently evaluating the role of rituximab, and try to
answer the question whether the addition of rituximab will
enable dose reduction of cytotoxic chemotherapy.*

To determine whether age is a risk factor in AYA aged
18-35 years treated with CHOP-like regimen, the German
High-Grade Non-Hodgkin Lymphoma Study Group (DSH-
NHL) analyzed outcome of 598 patients treated within 6
prospective phase II and III trials from 1992 to 2008. In all,
71% of patients were diagnosed with DLBCL, 2% with BL,
and the 28% remaining patients presented with rarer aggres-
sive lymphoma entities’ subtype of B- and T-cell origin.
For analysis, patients were stratified into three age groups:
18-25 years, 26-30 years, and 31-35 years. Populations with
and without rituximab were analyzed separately. The median
age was 28 years. Univariate analysis of EFS and OS with
respect of the total population and for treatment with and
without rituximab revealed no significant differences among
the three age groups. This was also confirmed in multivariate
analysis adjusted for aa-IPI, >1 extranodal site of involve-
ment, and Bulky disease. The hazard ratios between all age
groups were 0.9—1.0 for EFS and 1.1-1.3 for OS, which were
not significantly different in all patients and in patients treated
with or without rituximab. In the same way, a multivariate
analysis showed that the administration of ETO and/or
rituximab improved EFS also in AYA population.**
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We recently reported a matched-control analysis of AYA
and older patients with large B-cell lymphoma. Fifty-five
AYA patients aged 16-30 years were compared with 165
patients aged 31-65 years. Groups were fully matched for
IP1, chemotherapy regimen, and rituximab delivery. The AYA
patients demonstrated higher rates of mediastinal mass, LDH,
and PMBCL subtype. No differences between the two groups
were observed in terms of complete remission, and outcome
of AYA patients treated with adult’s protocols was found to
be at least equivalent to that observed in older patients.> So
far, the use of more toxic treatments like pediatric protocols
remains questionable.

Primary mediastinal B-cell lymphoma
PMBCL represent a rare subtype of B-cell NHL and typically
affects young women. Because prospective studies in PMBCL
are few, the choice of optimal treatment is still a matter of debate
especially in children and adolescents. Indeed, current standard
pediatric regimens are not as effective for PMBCL compared
with other pediatric mature B-cell NHLs (BL and DLBCL)
treated on similar treatment regimens, and tend to provide worse
outcome. Results of the studies are listed in Table 5.

Table 5 PMBCL selected studies including AYA patients

The BFM group reported a series of 30 pediatric patients
with PMBCL enrolled in the NHL-BFM trials. Treatment
was stratified by stage and LDH value and consisted of four
to six 5-day courses of chemotherapy using steroids, alkylat-
ing agents, HDMTX, Ara-C, ETO, and DXR. Radiation was
not part of the protocol. Median age was 14.3 years (range
1.4-16.7 years). With a median observation time of 5 years
(range 1-12 years), probability of 5-year EFS was 70%. High
LDH level was associated with increased risk of failure in
multivariate analysis.* In another report of the BFM group,
378 adolescents aged between 15 and 18 years were treated
according to pediatric NHL-BFM protocols. The 5-year EFS
of patients with PMBCL (n=24) was at 57%, comparing with
85% in adolescents with DLBCL.’

Another study including 20 patients aged from 4 to 19
years confirmed this less favorable outcome in children and
adolescents with mediastinal large cell lymphoma when
compared with other localized NHL (5-year EFS at 75%
versus 98%).5

The largest experience of pediatric patients with PMBCL
uniformly treated from May 1996 to June 2001 was reported
by the cooperative group study FAB/LMB. Childhood and

Reference No of patients Disease Age Treatment Outcome Comments

Coso 55 patients DLBCL/PMBCL  Median 26 R-CHOP/R- S-year EFS 68%  33% of patients were

et al®® (a) aged 16-30 years (range 16-30) CHOP-like 5-year OS 73%  diagnosed with PMBCL
ASCT 58%

Seidemann 30 PMBCL Median 14.3 NHL-BFM 5-year EFS 70%

et al*® (p) (range 1.3-16.7)

Gerrard 42 PMBCL Median 14.3 NHL-BFM 5-year EFS 70%  Treated as intermediate-

et al*® (p) (range 1.3-16.7) risk patients

Burkhardt 24 patients aged 15-18 PMBCL NHL-BFM 5-year EFS 57%

etal® (p)

Lones 20 PMBCL Median 12.5 CCG 5-year EFS 75%

et al”” (p) (range 4-19) 5-year OS 85%

Woessmann 15 PMBCL Median 16 NHL-BFM 2-year EFS 92%  Treated with R-DA-

et al’’ (p) (range 11.5-17.8) EPOCH

Rieger 44 PMBCL Median 36 MinT trial 3-year EFS 78%  Subgroup analysis of the

et al®® (a) (range 27—-43) 3-year OS 89%  phase lll results presented

for R-CHOP arm

Dunleavy 51 PMBCL Median 30 R-DA-EPOCH 5-year EFS 93%

et al® (a) (range 19-52) 5-year OS 97%

Savage 176 (R-CHOP arm: PMBCL NA R-CHOP/CHOP  5-year TTP: 78% Results presented for

et al®® (a) 96 patients) 5-year OS: 88%  R-CHOP arm

Vassilakopoulos 121 (R-CHOP arm: PMBCL 315 R-CHOP/CHOP  5-year FFP: 81%  Results presented for

et al* (a) 76 patients) 5-year OS: 89%  R-CHOP arm

Martelli 125 (54 patients PMBCL 33 R-CHOP/R- S5-year EFS 98%  Results presented for

et al’® (a) with FDG-PET/CT CMR) CHOP-like 5-year OS 100%  patients with FDG-PET/

CT CMR

Notes: (p): pediatric oncology study group; (a): adult’s oncology study group.
Abbreviations: AYA, adolescents and young adults; ASCT, autologous stem cell transplantation; BFM, Berlin-Frankfurt-Munster; CMR, complete metabolic response; CT,
computed tomography; DLBCL, diffuse large B-cell lymphoma; EFS, event-free survival; FDG-PET, F-fluorodeoxyglucose-positron emission tomography; FFP, freedom from
progression; NA, not available; NHL, Non-Hodgkin lymphomas; OS, overall survival; PMBCL, primary mediastinal B-cell lymphoma; R-CHOP, rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone; R-DA-EPOCH, dose-adjusted rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin; TTP, time from

treatment progression.
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adolescent patients with stage 11l PMBCL (42) and non-
PMBCL DLBCL (69) were treated with the Group B therapy
in the FAB/LMB 96 study. Patients with PMBCL had a
median age at 15.7 years (range 12.5-19.7). Five-year EFS
for the PMBCL and non-PMBCL DLBCL groups was 66%
and 85%, respectively (P<<0.001). Authors concluded that
PMBCL in adolescent patients is associated with significantly
inferior EFS compared with non-PMBCL DLBCL.**

Treatment of PMBCL in AYA is of considerable interest
because young patients with PMBCL tend to have a worse
outcome than those with DLBCL. In the same time, recent
improvements in the treatment of adult PMBCL have been
achieved.

Various chemotherapy regimens, such as MACOP-B and
VACOP-B (etoposide, doxorubicine, cyclophosphamide,
vincristine, prednisone, bleomycin), have been studied in
adult patients with PMBCL, resulting in a survival benefit
over conventional CHOP therapy.*¢! In addition, early
intensification treatment integrating chemotherapy, autolo-
gous stem cell transplantation, and radiotherapy (RT) has
been tested in a small series of adult patients with poor-risk
PMBCL, leading to a 93% disease-free survival rate after 35
months median follow-up.®

The PMBCL entity has been recently explored in the
era of rituximab. The Mabthera International Trial group
evaluated the impact of CHOP-like chemotherapy and
rituximab in 87 adult patients (median age 36 years) with
PMBCL. Results showed a 3-year EFS and OS at 78% and
89%, respectively.®

In a retrospective study, 76 consecutive PMBCL patients
who received R-CHOP with or without RT were compared
with 45 consecutive historical patients treated with CHOP
with or without RT. Patients treated with R-CHOP had a
significantly superior 5-year freedom from progression rate
of 81% versus 48% for those treated with CHOP. Radiation
therapy is routinely included as a part of initial therapy and
its role has been also assessed. Most of the patients treated
with R-CHOP received RT (76%), whereas only 48% of
patients treated with CHOP were consolidated by RT. Results
showed that in the group of responder patients, administration
of RT was not associated with any freedom from progression
or OS benefit.*

Another report evaluated the benefits of consolidative RT
after (R)-CHOP regimen in patients with PMBCL. In this
retrospective study, RT was FDG-PET/CT guided, and only
patients with FDG-PET/CT positive at the end of treatment
were considered for RT. With a median follow-up of 5 years,
there was no difference in OS between FDG-PET/CT-positive
and FDG-PE/CT-negative patients, suggesting that a FDG-

PET/CT-guided RT approach may reduce the use of RT while
maintaining good outcomes.®

A recent large prospective study conducted in 125
patients assessed the place of FDG-PET/CT at the comple-
tion of treatment. Complete metabolic response (CMR) after
chemo-immunotherapy was reported for 47% of patients and
conferred 98% S-year PFS. Most patients (92%) and the
majority of patients in CMR (89%) received consolidative
RT. The excellent outcome especially for patients reaching
CMR suggests that it should be possible to safely avoid RT.*®
Further prospective studies are required to establish the role
of consolidative RT in PMBCL patients.

The most relevant study in the treatment of patients
with PMBCL has been recently reported by Dunleavy et al.
They conducted a phase 2 prospective study of infusional
dose-adjusted ETO, DXR, and CPM with VCR, prednisone,
and rituximab (DA-EPOCH-R) without RT, in 51 patients
with untreated primary mediastinal B-cell lymphoma. The
patients had a median age of 30 years (range 19-52). With a
median follow-up of 5 years, the EFS rate was 93% and the
OS rate was 97%. With a follow-up ranging from 10 months
to 14 years, all but 2 of the 51 patients (4%) who received
DA-EPOCH-R without RT were in continuous complete
remission. The two remaining patients received RT and were
disease free at follow-up. No late morbidity or cardiac toxic
effects were found in any patient. Authors concluded that
DA-EPOCH-R provides a high cure rate and obviated the
need for RT in adult patients with PMBCL.%

An international trial in children with PBMCL has
been initiated and preliminary results are encouraging.
Woessmann et al reported the outcome of 15 young PMBCL
patients with a median age of 16 years (range 11.5-17.8)
who received the DA-EPOCH-R regimen. With a median
follow-up of 19.2 months (range 9.6-28.8), both the mean
EFS and OS rates at 2 years were 92%. This observation
confirms the efficacy of DA-EPOCH-R in the treatment of
primary mediastinal large-B-cell lymphoma in children,
adolescents, and young adults.?’

In most of reported series, PMBCL patients are older
than 30 years, and no data are available for younger patients
when treated with adult approach. Nevertheless, we recently
demonstrated that AYA patients with PMBCL showed a
favorable outcome with a 5-year EFS and OS at 73% and
76%, respectively, after receiving a chemotherapy regimen
including rituximab.

Conclusion
In this review, we highlighted several epidemiological, bio-
logical, and clinical aspects, prognostic factors, and outcome
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after treatment in AYA with B-NHL and especially DLBCL
and PMBCL. Several points can be raised regarding future
objectives we have to reach for a better understanding of these
diseases in this young population.®® Unlike adult population,
the prognostic indexes usually used to stratify risk patients
are not satisfactory. Biological markers and new imaging
techniques such as PET scan will help us to better stratify
patients in the future. Concerning treatment guidelines,
we need prospective trials designed specifically for this
population. In fact, therapeutic regimens often depend on
the site of treatment and the referring physician, with some
patients receiving pediatric protocols and others treated
with adult rituximab-based chemotherapy. This review also
demonstrates that all AYA with B-NHL do not have a similar
outcome after treatment. Age definitely represents an adverse
factor. Thus, if patients aged from 20 to 30 years seemed to
benefit from adult’s protocol, younger patients aged from 15
to 20 years have a worse outcome even when they receive
pediatric protocols. Therefore, it is crucial to better identify
biological features that are characteristic of lymphoma
in AYA in order to address more tailored treatments and
especially new targeted therapies. For this purpose, future
trials should focus on this group of patients, and a narrow
collaboration between adult and pediatric hematologists
should be effective. Adolescence remains a critical age and
adherence of patients to treatments is often complicated.
Collaborative efforts focusing on therapeutic interventions
but also psychological and social aspects are highly recom-
mended for the future.
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